REMARKS 

In the Office Action dated 23 March 2004, claims 13-29, all claims pending in this application, 
had been rejected and the rejection had been made Final. Applicants have not amended the claims, but 
proffer the remarks to follow in traversal of the stated ground for rejection. 

All claims had been rejected under 35 USC 1 12, second paragraph,. As explained, the rejection is 
based upon the theory that "one cannot unambiguously discern the precise manner in which the variously 
recited polyamides and copolyamides have been "modified" (emphasis added). 

Firstly, the claims are directed to a wave guide including a protective sheath made from a 
modified PA. The modified PA has been characterized by the concentration of amino terminal groups 
and carboxyl terminal group. These concentrations and the ratios thereof uniquely characterize the PA's 
used to implement the invention and can be identified readily by analysis of the claimed wave guide and 
sheath. How or where they are obtained is not critical and neither the method of making nor the unique 
PA's are claimed. The surprising advantage when used in this way is the genesis of the invention. 

Secondly, methods are available and the claims are enabled. 
Enclosed with this response are pages 470-471 of Vo. 19 of the Kirk-Othmer Encyclopedia of Chemical 
Technology, Fourth ed. which describes methods of synthesis of polyamides. It is noted that the "normal" 
ratio of amino to carboxyl terminals would be approximately 1 : 1 in the absence of regulators (pg. 471, 1 st 
paragraph). 

The functioning of different regulators for the production of polyamide 6 from e- caprolactam is 
described by Mizerovskii, L.N. and Paikachev, Yu. S. in Polym. Sci. U.S.S.R. 12 (1970), pp 858-869. On 
page 859 there is described that by using a monocarboxylic acid as the regulator, there will be formed 
three kinds of terminal groups: amino terminal groups, carboxylic terminal groups and amide terminal 
groups (RCONH-). 

The amide terminal groups are formed by the classical reaction of the monocarboxylic acid 
(RCOOH) with an amino terminal group. Therefore, the addition of monocarboxylic acid reduces the 
number of amino terminal groups. If a dicarboxylic acid is used, not only the number of amino terminal 
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groups is reduced, but also the number of carboxyl terminal group is increased, since ultimately one 
amino terminal group is replaced by one carboxyl group. 

If a monoamine (RNH 2 ) is used as a regulator, it reacts with a carboxyl terminal group forming an 
amide group (RNHOC-). Therefore, the addition of a monoamine reduces the number of carboxyl 
terminal groups. If a diamine is used, a carboxyl group is replaced by an amino group and therefore the 
number of amino terminal groups is increased. 

In the case of the modified polyamides described in the present application, the modification is 
made by using a basic regulator (amine) instead of an acidic regulator (carboxylic acid) for producing the 
polyamides. 

Therefore, a reversion of the terminal group ratio occurs, as shown in the Table below for two 
poly amide 12's. By using an amine regulator (hexamethylenediamine) the amino terminal group 
concentration is made to predominate, whereas by using a carboxylic acid as a regulator, the carboxyl 
terminal group concentration is made to predominant. 



TABLE 





Unmodified Polyamide 12 


Modified Polyamide 12 


Commercial Name 


GrilamidL16 


Grilamid L16A 


Regulator amount* [wt.-%] 


0.63 


0.61 


Amino Terminal Group 
Concentration [meq/kg] 


10 


100 


Carboxyl Terminal Group 
Concentration [meq/kg'] 


95 


12 


Rel. Viscosity 0,5% in M-cresol, 
20°C 


1.65 


1.67 



Also attached are product summaries for Grilamid LI 6 and L16M (not this invention) and L16A (this 
invention). Not that the Technical Data Sheet is not yet available. The products are different, have 
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different properties and produce surprisingly different results in the wave guide, as shown in the 
examples. 

The claims (except 19) were rejected as obvious over Yamamoto et al., U.S. Patent No. 4,593,974 in view 
of Yang et al., U.S. Patent No. 6,064,790. The correctness of this rejection depends upon the proper 
interpretation of column 4, lines 12-32, of Yang et al. As explained supra , the examples in the reference 
have not the same composition or properties of the PA as modified to have the properties of the 
polyamides with the amino to carboxyl terminal ratios as claimed. There can be no expectation that such 
a change in ratios would result in the dramatically improved properties. Apparently, the European 
Examiner agreed as indicated by the International Search Report for the underlying priority application 
published as WO 00/60382. 

In view of the arguments presented, the rejections are traversed and the matter is in condition for 
allowance. Passage to issue is respectfully solicited. 

Enclosure: Kirk-Othmer Encyclopedia of Chemical Technology, Vol. 1 9, pp 470-47 1 

Polym Sci USSR (1 970) , pp. 558 - 569 
International Search Report, WO 00/60382 
Product Sheets 
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470 POLYAMIDES (GENERAL) 



VbL 19 



250 
200 



e 150 
l< 100 



50 



1 t 

Nylons 1! 9 7 


-r- 
3 


1 - - 1 




S 1 _1_ 


l 


1 i 1 





400 450 500 550 600 650 700 
T„ K 

Fig. 5, The dependence gf remanent polarization, P rt on iho melting paint, T* m , in odd 
nylons (40). 

Chemical Properties 
PREPARATION 

Direct Amidation. The direct reaction of adds to form Type AB 

polyamidas (eq. 1) and diacids and tiiaminftfl to form type AABB polyamides 
(eq« 2) are two of the most commonly used methods to produce polyamides. The 



« HgN — R — C — OH = H a N — YHr-h — NH — R-^Aj_OH + (n - 



UHaO 
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II II 

n H 2 N — R — NHa + n HO — C — R' — C — OH 

O O 

II 0 

HaN — R — NH-t-C— R'— C — NH — B — N» 



O 
II 



o 



OH + (2a - MHaO 



(2? 



integer n is called the degree of polymerization (DP). The average DP is approxi- 
mately 200 for a typical nylon-6, or about 100 fbr nylon-6,6; thus the number* 
average molecular weight is approximately equal for both, since the monomer, 
hexamethyleneadipamide, for nylon-6,6 has twice the unit weight as the 
monomer, tf-axoinocapraamide, has in nylon-6. Wkter is released as a by-product 
of the reaction and depending on the conditions of the reaction can he in equilib- 
rium with the reactants. Ideally for the amino acids, only one homologous series 
of linear polymers ia formed, * ach member of which possesses one ami-n/* and 
one carboayl end group, as shown in equation 2» However, for the type AABB 
polymers, two additional homologous series of linear polymers are possibly one 
with two amino end groups and one with two carboxyl end groups: 



o o 

It II 

EaKBNH-^OR'CNHRNH-^^ 



OO O O 

(R-l) 
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Polymers from either of these homologous series can be made to predomi- 
nate by using a <>™«n excess of the diamine or diariH, respectively. In addition 
to these linear polymers, • cyclic oligomers ere also fanned, though m this case n 



is generally <10 for type AABB and <20 for type AB polymers. Thus, for the 
Type AB polyamides, direct poly a mi ration leads ideally to a mixture of two 
homologous series of polymers, one linear and one cyclic, and for the Type AABB 
a mixture of four is formed, three linear and one cyclic Additional complications 
can arise as a result of side reactions and degradation, which can lead to different 
end groups, defects along the chain, or branching* 

Direct amidation is generally carried out in the melt, although it can be 
done in an inert solvent starting from the dry salt (46). Because most aliphatic 
polyamides melt in the range of 200-300'C and aromatic-containing polyamides 
at even higher temperatures, the reactants and products must be thermally 
stable to be polymerized via this method- 
Acid Chloride Reaction* In situations where the reactants are sensitive 
to high temperature or the polymer degrades before the malt point is reached 
the »Hd chloride route is often used to produce the poly amide (47), Hie basic 
reaction in the presence of a base, B:, is as follows: 

O O 

II B B: 
n H3NRNH3 + n CI — C — R'— C — CI 

°* ? * .? 

HsKRNH-fr-C — R' — C — NHRNH-5-C— H' — C — CI ♦ <&» - 1)B:HC1 

lw— 14 • 

Because almost any diadd can be readily converted to the acid chloride, 
this reaction is quite versatile and several variations have been developed. In 
the interfadal polymerization mfttftind the reaction occurs at the boundary of 
two phases: one contains a solution of the add chloride in a watar-iinmiscible 
solvent the other is a solution of the diamine in water with an inorganic 
base and a surfactant (48). In the solution method, only one phase is present, 
which ™nfj»nft a solution of the diamine and diadd chloride. An organic base 
is fl«M»>H ag accepter for the hydrogen chloride produced in the reaction C49). 
Following any of these methods of preparation, the polymer is exposed to water 
and the add chloride end is converted to a carboxylic add end. However, it is very 
difficult to remove all traces of chloride from the polymer, even with repeated 
washings with a strong base. 

Ring-Opening Polymerization. Ring-opening polymerization ^ is the 
meth d used to convert lactams to polyamides. There are several variations of 
the method, but the most ^TnTP^^y practiced method in industry ia hydrolytic 
polymerization* in which lactams ^^^^^ six or* more carbons in the ring 



• 
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REGULATION OF MOLECULAR WEIGHT OF POLYCAPROABUDE * 

L. N- Mjskrotskh and Yv. S. Bajkacihbv 
r^TTuev^ Ttwbanlogy Institute, IvaaavKk 
. . (.Sacf&re? 80 i>eoflm£er 1908) 

1st obdeb to obtain polycapxoamide (POA) with, a definite molecular v#t, 
mcdecnlax-VArighii legolators are mtroduced into the mrmoTW before polymer- 
^ yyfa'fnx * these are sumo- and cticarboxylio acids* mono- and diamines, amine 
aaifca of oarhoxylio acids, strong acids aad bases, and amino, salts of strong adds. 

By interacting -with, on© orbotn end groups of PGA, these (xanponnda terminate 
the propagating ahain through the" fbranation. of end alkyl- or aiyiamide groups, 
oz through, salt) formation. _ t 

la oxder to assess the degree of polymerization. (?) of PGA synthesized in 
*b «* presence of legnJators, the ratio 

P=100/g , (1) 

is generally used [8, <Q, where £ is i&e quantity of regulator in mole % of the 
.qnaniaty of cspralabtjam. jftgfMT^"* between theory and experiment is thus 
firandcouy io^the pxesenoeof atlaasb 2mr^ % of regnlator [4, 5], and the dis- 
crepancy between the calculated and experimental values of P with amallar 
quantities of regulator is usually explained by the pnccmtrnlled tennmotioa of 
the f^^Tn through impurit ies in the caprnl a»nfetfh . 

It should, however, be remembered that regulation of the molecular weight of 
PGA (and also of other polyamidea) ia abo possible in the absence of special 
substances because of the reversibility of the palyaznidatioxi. reaction 

— ; NHt+HOOC— 3* —SHOO HH.O - 

Ia this oase, the degree of polynierizatian of .PGA is determined by the equation 

' (3) 




where K is the constant far the amide equih^nium and m ia the eqmlxbxxam 
eonoentrafotan of water m rnolesper mole of the chemical unit of the nmcroin ale cula. 

Smoe it is praatioaDy inrpoBedble to obtain an ahsohrtely dry melt of PGA 
under laboratory oondxtdone, and .even more so Tinder industrial cQndrtions> the 



* VyBokosnoL soyed. A12-- Ub. 4, 761-770, 1970. 

858 
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Bagnlatian of Tnnlpnnlar xpaigfefc c& pcdyfaqfr^T rf^** 359 

effect of the reversibility of polyamidstiari on the degree of polymerization of 
PCA synthesized In the presence of a regulator must dearly not Toe neglected. 
In fact, the regulator is usually introduced a* the rate of 0-2-1 mole % £2, Sf], 
and .the ' vater contend in the £CA melt at the end of the reaction amounts to 
1-2 mole % (0-15-0-26 wt.%) p.0]. Under these conditions, P fbr the polymer 
should depend both, oca the amount of- water and alsb an the amount of tegulatar- 
It is tfcere&cre undoubtedly of interest to establish the quantitative connection 
between the average degree of polymerization of PGA, the amount of regulator 

introduced and the equilibrium concentration of 'water in the polymer m el t. 
.The present paper is devoted to* theoretical discussion of the relationship 

between the quantities mentioned above, whan the fallowing compounds are 

used as regulators: monoc&rbaxyiic acdds and monoamines, dioarboxylic acids 

and diamines, amine and amide salts. - . 

Derivation of equation*- Manocarboxylic aoida and monoamines. When mono- 

carbosyfio a olds aire used as regulators, PGA macromoleoules of two types should 

be formed: 

KHi — — — OOOH 

and the equilibrium reactions* in Otxe polymer matt may be represented by the 
schemes: 

. ... . K 

— NHi'+HOOC — NHOO — 4-HjO (3) 

* * * 

—BHCOK+BCOOO— $E — NHCO-^+BOOOiff (5) 

If the concentration of macroznoleoulos (the number of chains) in a weighed 
polymer sample is expressed in moles per bade mole, then JP far such a- polymer 
is equal to l/f*» where n is the number of chains. In the present ease, COOHJ, 

In equilibrium, the concentration of the end carboxyEo groups is given by 

Hero h and ij axe the rate constants for the reaction between end amino and 
acylanrjno groups with end caxbosylio groups respe ctively : h' and k* u axe the 
rate constants far hydrolysis and acidolysis of maaramolecular amide .bonds, 
Assuming that [—NHOCH j^—i; [— ; OTWB^—paCOOHlo— [BOOOH^ 
^[ROOOHU; [— : NH^^-^O^-^l^OO^ and substituting these 
values into equation (6), we obtain after some rearrangeinent 



[— OOOHW 



. ' 1 ■ : i .. i 
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* ^ V ft.' (7) 

p iT^ 

• By xedsaing (7) to a .c^c soWng it with ^ * A «* 
edecfeig the appropriate r oot, we o btam . 



" — iL ^ 

^yT^Sted. la this r^ihaeqnstinnfor PBiznphfesto. 

aad the dej.Mailie of . «l P «*7 ^ ™**<» o * ,ati0a 

• "-j:^ . • • • 

. wh *h w 1* eaeay derived from the e^tum fbr the eolation of e*d 

ammo groups, found from equation (5) ^W; fe11rtlir5nff eaiiatum after 
, By coxofcfcins equations (8) and- (9), we cbtam the fifflowag eqnatum at*er 

reartsmgcment: 

_ ./jgranoOHg g(gfflPpo^ -t-gj) .KEBCOQB]» ' (ioj 

iu^Pis feaotircioriyoftl* 

Bv anpWing all the cwiiMfflitMnrii pob forward to ^ 
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Dioarloxulic acid, and diamines. Three typea of ma^okde shorn* 
he formed in the PCA melt in the presence of incaiboxyno acids: 

-CO OH 

HOOCRCONE- C OOH 

hooc— ~— araooBOoias— copH 

and the eqmTibriam leacfcians may bo represented by the achemea: 

— i OTrfHOOO»CK)OES.^RBW>BOCXJH+H t p C 12 ) 
— im I +HOOCBCOira-S-^CORCONH^-+ H a O , fl*) 

if the aoidoJysifl of the end amide groups is neglected 
_OTJXX>BCOOH+HOO0-:^^ 
-SECOSCOOH+HOODSaOHH- ^-NHCOBCQSH- +HOOCBCOOH 
IW wait on the amide eqatttom in pofyhi^ethytene adipamida 
,12,^ J^e^ed that the. 7abTofi t and- * a should be P*^***^ 
fa d^bo^acids axrfajrohattp ^^,?^^ t S , ^^ 
case of aromatio ^^^^^ h ^^t^^ 

SaiSSoii of end aromatia groups into PGAbyBogdanoY e* al. M based 

on-thia [4]. 

It foUowB from equation (18) that 

• [-HHCOBCaOHia ™ P 3 * 0 ^ ' _ • , 

wr -win yrffOT -^O-l vhieh is entirely feasible fat values of P of practical 

interest CT*w» A J» «wa 4, _*V ^ g JJ otbflP -rods, dicarboxync adds 
is of the order of several himdred [6. 8, 11J. j» ©isaer otmhU and 

fat PGA. should exist almost entirely in the form of •~ OTTO J ^**!^ ana 
tzS^em^e concent^ of the free acid ^hich * deton^ by 
^^Z, of WJH(X)BGOOH- groups should be less than in the case 
of znonoeaxbozyiio acids. 

Prom equation (12) and -(IS) it follows that 

COB OOQHfa =• b - 1 — £Htf>3«» 

tB (COOH) Jot • / CEWli \ ' (14) 
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^ js. mzasavam and Yxr. S. Paxkaohkv- 

S&U5*' tE(C OOS)J~ ., 

(it, shoutt g*» en***"** «• «• — *"* 

^tS^X^tf the feta* the znmrtn* of' A*, k det-mW 

l>y the relatinrnribtp: 

rvwv»COQH3 wt + E-^atgate = rw-*COOElxt— (I— «) <COOH)t3o » 

: * 

and i (1*0 

H a< l, the conx^utraW of carbozyl groups a* eqaifibrmm * defcennined by 

equation (11) alana. . 
3ii1ihis caw, taking info aooomtfthe fee* 

find . 
SobditaUcm. of thia equation into «5M*ion (16) ^ rao 



(16) 



Qa«s Mi ofeqaatos (14) wad (15), the waym^h a depends oa P may 
bQ0bt * infid: ' in.au. (IT) 

(18) 

^(ljF— ca(oooH)j»* 

ThariiwKBiieoiia «>lutioiiof eqoatUmfl (16) and (18) laada to a vary cmnb^- 
eJ^S ^ * * ******* ™*» ******* tvte^hc** to taea* 
^ZtiSoB^d (18) by the method of .mcceadv* appraxn^nfl, ^e^Dy» 
Tmt^ ^ W tL**»™ Table ^because the v^lae of a m equatum (10) 

rf^eMwrfno group, 1toe^ 
bom If the ba^ty of one erf the amino groupa of the ottamneifl ju^^ 

jeaLathebaairftytf^ 
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in effect as a manoftBictional compound, that is, the' cognations (10) and (9) 

should hold far P and <x- • 

Amide* and amine salts of oaAoxylic acids. The effects of amides and stoma 
aatta of carbaxyfic acids as molecular weight xeguUtom for PCA must be essen- 
tially the same in principle, since, under conditions of hydrolytia palymea^Ott 
of caprolaatam, amine salts transform, into the corresponding amides considerably 
before any marked quantity of PCA ib formed. 

A feature of amide regulators is that the reduction in the molecular weight 
of PCA in their presence ia connected with, the occurrence of amidolyaifl and it 
should consequently not upset the equimoleanlar ratio between the different 
Mnds of end groups, : " 

Four types of maoromoleeale are formed in the presence of these regulators: 

^ — CiXJUHH 

BOOMS — — OOHHR. ... • • 
The eoTriKhihmi reactions in the melt may be represented by the following 
anTiAwmM in this case: ' *. 

— + HOOOa^— 29B3COR + H t O <*°) 

— cooH+-Hjsna'^— comsb'+h.o 

ItCOOH+B'KH.^iMXJNHR'+H.O ! (23) 
Addolyais and amidolyais of the free amide by end groups of «h£ mwaomole- 
culeareudthe reaction -NHOOB+B.'NHOO -NHOO^+BOONBS' may 

1)6 ^teaesumed that J£ x * then the tsmcenbrations of the fcee aoid and the 
free amine 'will be equal and berth, will consoouettlJy be equal to line concettteatwnB 
of end annuo and caxboxyKo groups. 
- in this case, the number of chains will be given by: 

w= " 2~ 

=[— CXX>HWf- ^ CBO0BJHR' ^-C— KHJ«+ ^ IBOOOTBT* . (23) 

Here 

4 CEOOHHBT«i«= CROONE— J^<=« tSmTCO— EEtCOlEHB']* 
— (TRCOOH]oa+ GaOCJQSTECB^Ua- CBOONHRIa— O^OT JecHJRCQNHRTeq • 
By taking equation. (23) into account, the expression fox P becomes: 



l 
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K » as ™d tot at eo^iKbxhrnr [-NH^^ oonce^on 
rf^aSSw xn^beexjuW*^ equate (19). 

/CH.Q3-* , • 

[— COOE]«. «= /— g — 
^fefcifcution of this expression into e ration g^* 



lt - (2S) 



(22) may be abated. Ia this case* 

ItibflowB from cqnstianfl (19) and <20) that: ^ ■ . 

EBOOOH3ett= ...jw-vwi*-^ - 



to degree of polyinfirjjsatioii of POA m the ^reaenw ot 




^ • _^4^v, H ^^ fa- fVw^rift&irm in. the HfacaUire about 

vis . » .t ^ t, + v_ ^es^ta nf a number of Bokhara [B, 8, xz, xoj 

o* toe aow. anu • iTvWlSjendence of these qaaatffaee. It may be suggested, 
point to a ocmsxdeiabfe ^V^^T^^lnx for the various regulators in 
on the basis of these results that to iatu> Jt/iCi tcpxDB ^ith. the 

to temperature i«gkm 220^90°O moist He fax ^* a ^^°'^ : 
. xvft-e caaefl when amines -with, a basicity zraian less tju™. 

evident exception of tboae °^J^~J^7 U m Bix<ms axidB of to cbloroacetic 
■jjjjB jjaaitity of the end amino group of PCs* ana Bwong aww 

{ JLZ£*> .dta*** «id (diamine) 
mgM i^iTig effects of these compounds-- 
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Tables 1-S ahow the xbtoUb of calculations of P and a fox the cases vrh&n mrmtv 
"and dioarfaoxyiio acids and anridess are used as regulators. It is here taken that 
K=K^4QO, corresponding to a temperature of 24S°C and an'equiliirrinn water 
content of 6 x 10*-*-8 X 10 -1 male/basic mole [9]. 

Tj-bt.tb i . •ftgnzgg cat uuMUKAi'ji BAflarar or moABBogaiao Aaxpa-aaro wa^r okzhb sawM-aiiae 



•vrnter regulator 



ixoiu 
eq»-. (2> 



fruui 



eqxi (16) 
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0-22 


axio-» 




200- " 


• • • 164 • • 


1-30 • 


lx 10-* 




100 


• 94rS 


4-33 


2xl0-« 




60 


49-3 


17-3 




200 
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1Q00 


196 


. 0-87 ' 
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1*2 


"i-ee 
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. Sfl-5 


4-32 
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60 


. 48-6 


17-3 



1000 • 
■ 0-762 
0-570- 
0-1O1 

0- 0*29. 
0*008 

1- 000 
0-820 
0-87O 

..0-172 
, 6-066 
0-015 



0-706 
0-615 
0-53* 
0-224 
.0-120 
0-08.0 
0-500 • 
0-462 
.0:410 
.0:207 
0118 
0-060 



A ^1-'-"" of the values of P calculated from equation (2) ai4 fr m 
equations (10) and (16). and (27) show? that the. efficiencies of various types 
of regulator in the preaenae of water are different. They may be placed in the 
following order of increasing effectiveness: dicarboxylic acids (diamines), mono- 
carboxylio acids (monoamines), amides (amine salts). In the last t^o cases, 
the presence of even 0-06 mole% ofregulatox reduces the value of P of eo^hrtam 
PGA hy 6-10%, which lies- outside the limits of error in dete rminin g P from 
end groups. Thus the dependence, of ^ cm the. concentration of monocarho^Oic. 
adds, shown in Table -3, is in good o^aJi^trw.agreement with the expenxaerrfcal 
data cf Mattes £5] on the polyraerLaation pf caprolactam in the presence of benzoic 
add (takmginto account theremarJc of TOqth [12] that the concentration of water 
in these experiments was more than 1 mole %).DicarboxyHo adds and diamines 
ahould exert their presence the most fully, and manoearboxyHc adds and mono- 
amines the least. _ * ■# rn\ 
It follows from a oompariaon of the values of P .calculated from equation (l) 
and from equations (10), (16) and (27) that even .very small concentrations .off 
water have a very strong effect oa the polymenzatioa.of PCA synthesized m the 
presence of regulators, particularly when the regulator concentration is amaU- 
The conditions that the values of P calindatt^ from theee formulae ahou^ 
equal are easily obtained if equation (1) is set equal to equations (10), (16) and 
(27) respectively. 
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I,. ur. jtrzHBOVSHU and Ytt* S- Paikaotcsv 



After both e elem^n^^ T-ftrarangermeiit wb obtain: for mono carb oxyli c acids (mo- 



noamines) [RCOOB1,- 



for dicarbosylic acids (diamines) 



=0; fpr amides (aminfl Baits) [SGOOTBIc^-^ ^ - 

It may easily he seen, from the fbEmnlae presented that, if m the case of 
monocarboxylio acida (monoamines) and azniflpfl (amine salts) 14 is possible 
to obtain those ratios between the- water" and regulator oancentrationa for which, 
equation (1) is izne, then, hi the case of dioaiboxylic acids (diamines) equation (1) 
is true only for ^O]^— 0. 

Ti-nra 2. EtfFHOT OJt TTOHflT BA 1 ™* 07 2SO/SOOSSBOXSOSO iOTD B AZH> "W-AJEEtt OJJT 39S33 

•• ■ vaaagBBXEa bar sqinxzBHnnc gox/goAgB n t MTma 















niab/baaio moile 


• 








> 


. water 


regulator 


from ecpu (2) 


frazn eqa. (1) 


fiomeqn, (10) 






6X10-* 












1-000 


((HJ8Trt.%) 


fix 10-* 




2000 


261 


0*38 


0-887 


1X10-* 




1000 *• 


246 


0-41 


0-764 




5*io-» 




2000 


147 


0-68 


0-270 




ixio-« 




100 


91 


M0 


0-100 




2x10-* 




£0 


50 


2-00 


0*020 


lxio- 




200 








1-000 


(O-lflwt.%) 


6X10-* 




2000 


191 


0-53 


0-005 




1X10-* • 




1000 


180 


0-56 


0-820 




5xlO-» 




200 


124 


0-81 


0-380 




1X10-* 




100 


84 


MB 


0-170 




2xl0-« 




50 


48 


210 


0.058 



Equations (10), (16) and (27) indicate that the ecprilifariixm degree ofpolymeri- 
sotaozi of PGA synthesized in "the presence of water and a molBGalar weight 
xegulaiotf depends both on the amount of :regnlator introduced and on the water 
craoenfaratixm at eqizflihrizzzn, as well as on tihe TCA maaromoleeules and on the 
end amide group formed through the reactions of the PGA. m&oromoleeaiaa 
with the regulator* 

In the general case these constants may he unequal, since the strength of 
the carboxylic acids and amines generally naed as regulators differ considerably 
from the strength of the end groups of PGA. and conseqiiantly the regulating 
effect of oaarboxylio acids and amines, and equaHy that of their salts, should 
to a oertain extent depend on the constants and on their fligpo gfotfrw - 

The introdairfiQn of regulators into PGA. (apart from directly regulating 
molecular weight) also has the objective of increasing its resistance (stability) 
to aflflrhirmal poly ooTid e nfla t no n' daring repeated melting fa the farming of coanpo- 
amis (inparticalsa fibres [1-3,14]). The increase in the stability cf PGA is explained 
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by the fact that the regulators bloak off one or both end groups of ^ ^ 
iLoWe. and cogently the end group concentric*. in the polymer 
and the rate of additional polyoondeasation are decreased. . 



mote/basic ranlfl 



water 



regulator 



5X10- 



lxio- 1 



5X10-* 
lxio-* 
sxio-« 
ixio-« 

2xl0~« 

5X10-* 

ixio-» 

5X10-* 
lxlO-« 
2X10-* 



(2) 



(1) I C27) 



a, % 



288 



200 



2000 
1000 
200 
100 
50 

3000 
1000 
200 
100 
60 



248 
221 
117 

74 

42-6 

182 
167 
*100 

67 

40 



0-35 
0-86 
0-35 
0-35 
0-35 

0-50 
0-50 
0-50 
0-50 
0-50 



0 



1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1«0 
1-0 
1-0 
1-0 



1-000 
0-876 
0-780 
0-412 
0*262 
0*150 
1*000 
0-910 
0*822 
0*500 
0-335 
0-200 



■ I— HHJ'eg la. tha amino group offncwitotHoula TOa, ok h*» —-w """"""" 
of • agnlotor. 

This ia in good qualitative agreement *xtm data (aee Table . »°°^| 
to as ^cc^traW of mane- and dicarbosyhc aeods » - a«"«^ 

tL ratio [-NHJeoTt-COO^j? contmuc^y decreaaea, and as the amide 

4. o, ^ — 0= Zt^^Z^Z^"" 

OK KKH TOT AMD OOKaBWTOATTny o* SHS MDiadtJLA* WgXgBB ysgqaaa.-^ 



Begulator 



Qcoicentrattan, of aagolator. molo/baalo anole> 



6X10-* 



Mono cart exsylio aaid 

Dioarboxyiio add (dia- 

mme) 
Amide (amine salt) 



1-41 

1-41 
1*41 



1-38 

1-406 
1*38 



ixio-» 



1*27 

1*39 
1-32 



5X10-* j IX 10- 



119 

1-16 
1*17 



1-08 

1-06 
1*10 



2XlO-« 



1*04 

1*02 
1>0G 



(amine aalt) concentration ia moreaaed, although thia rafao lamarna 
^ir^verthelessadecxeaa iutbov^^^^W"^ 
^^polymer of the aame molecular weight synthesized wrthoub a Htehmzer. 

» JEoftto*. from the data presented tfcrt J ia reduced more rap^by 
tiu> mWuntion of Saxboxylie adds than by the introdnctian of mo^carbosylic 
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T86B 



acids. The expWtion of this relationship* quite clear, , me m the case > 
. poxyhc ^tiThlocked amino group* axe replaced by an eqmraleat > tfnmher 
ToarboxyHo group* and this does not happen when monocarboxyho acids are m- 
S^SL^ear that whenmouo- and o^es^ used a* rectors 
pattern should be similar with the exception that fi will be greater than unity 
? ^Tthe baa* of the relationships (10), (16) and (37) chinned a ge = t 
v0 rk. rtiapcsaibleto make a <^titative comparison of the stability of eqwlito- 
m pcA. specimens synthesized in the presence or absence of reguktors.We 
thus start on the basis of the fact that the direction of the polycondensafaon- 
hydrolysis process during the repeated melting of POA depends on the way 
in wMch the relationship . .. 

[-NHCO-J^OLx ' (28) 

-which: had been established during the. polymerization of caprolaotam Is dis- 
rupted *™*»g the tedb^logicaltceatnient of PCA before the forming of amrpo- 
naote, Ihrnng the manu&eture of fibres; the disruption of this relationship 
oecws through the elimination of some proportion of the linear POA oligomers 
during the extraction of low molecular weight cyclic oompounds.and caprolactam 
by water, ie. the disruption occurs through a reduction in the .denominator 
and a change in the moisture content of thepolymer as compared with the moisture 
content of the melt at the end of the polymerization reaction, and through 
a change in the numerator. 

Sinoe additional polycondensation takes place as a rule, it may be concluded 
that the 'numerator in eolation (2a) is reduced. 'to a greater extent than the 
danommator. In this' case, if it is assumed that the changes in the end group 
eventration during"' the" extraction jof stabilized and uu stabilized POA are 
the same, the ratio of the values of P for. speahnens . synthesized with various 
eqmEbxram water, cocaoentratdons may be chosen as a. criterion of the stability 
of PGA *™*«" repeated .melting (the smaller the difference between P, the more 
stable the polymer), 

. In order to iDnstrate' possible trends in the stabmty of POA synthesized 
in the presence of various regulators, Table 4 presents values of the P ratios 
calculated for two concentraidona taken from Tables 1-3, as a function of the 
concentration and type of regulator. • 

It may be seen that the stability: of PGA is markedly raised as the concentra- 
tion of the molecular-weight regulator is increased, but on the basis of these 
data, it is clearly impossible to look for any marked differences in the stability 
of equilibrium PQA obtained in. the presence of regulators with different stractuxea. 
Xherefbre the data in the literature [14] about the* marked differences in the stabil- 
ity -of POA synthesized in the presence of acetic acid, n-butylamine, n>bntyiamm 
acetate and -adrpio acid* must be considered: as relating to polymers in which 
the *rn|4^A equilibrium was not reached during the polymegizatibn of caprolactam: 
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Begnlation of molecular -woi^it of pdycaproamide 889 
CONCLUSIONS 

(1) A theoretical discussion hflfl bean giren of the effect of regulators *rfth 
structures on the molecular weight of polycaproamide. 

of p^U^miae wititth. Apffltatam oonoenttatdcoi of -.rate. »d the conomtra- 

of memo- and Trifnaotional regulators. 
1 Tm iTS been shown that amide regulator have the 
dJS, of polymerfcatiffii of ECA in the presence of water, and aioaxborjfco 
-ji Q ftT1 a dismineB have th* least effects. 

B tTL aW that the BtaWBtjr of e^flitato ^ycaptoamLde 
„JJ repeated melting depend* little on the type of molecular weigh* xegnlator 

used. (Truncated by G. F. HXa mn m r 
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(57) Abstract 

The car industry makes increasing use of plastic light guides whose protective layers (4) consist of a polyamide. Since unmodified 
polyamide adheres poorly to the fluoropolymers frequently used as material for the fibre cladding (3), the plastic light guide (2, 3) moves 
in relation to the protective layer (4) when the temperature changes. To suppress this so-called pistoning' effect the light guide plugs and 
support elements have to exert considerable clamping forces on the protective layer (4) and the plastic light guide (2, 3) positioned therein, 
which results in greater signal attenuation. The use of a modified polyamide significantly improves the adhesion of the protective layer (4) 
on the fiuoropolymer cladding (3) of a plastic light guide. A modified polyamide 12 whose carboxyl terminal group concentration is no 
more than 15 /iAq/g and whose amino terminal group concentration is between 50 pAq/g and 300 pAq/g and which presents low viscosity 
is especially suitable as protective layer material. 



(57) Zusammenfassung 

Im Bereich der Automobilindustrie kommen zunehmend K-LWL zum Einsatz, deren SchutzhOlle (4) aus einem PA besteht. 
Da unmodifiziertes PA nur schlecht auf dem hfiufig als Material fur den Fasermantel (3) verwendeten Fluorpolymeren haftet, bewegt 
sich der K-LWL (2, 3) bei einer Temperauirflnderung relauv zur Schutzhulle (4). Urn diesen als '"Pistoning" bezeichneten Effekt zu 
unterdrucken, mussen die LWL-Stecker und Halterungen sehr grosse, zu einer Erh&hung der Signaldampfung fOhrende Klemmkrafte auf 
die SchutzhOlle (4) und den darin angeordneten K-LWL (2, 3) ausQben. Durch Verwendung eines modifizierten PA lasst sich der Haftsitz 
der Schutzhulle (4) auf dem aus einem Fluorpolymer bestehenden Mantel (3) eines K-LWL deutlich verbessem. Als SchutzhQllenmaterial 
kommt insbesondere ein modifiziertes PA 12 in Betracht, dessen Carboxylendgruppenkonzentration maximal 15 /iAq/g betrdgt und dessen 
Arninoendgruppenkonzentration im Bereich zwischen 50 pAq/g und 300 /iAo/g liegt und tiefviskos isL 
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Grilamid (nylon 12) provides the lowest moisture msm 1 m *3 ^ 

absorption of any commercially available nylon, thus ^^FjTXAcHIBi 

providing dimensional stability with mechanical properties ^ m 
virtually unaffected by environmental humidity. 4" 

Grilamid L16 



Grilamid L16 is a high flow 
extrusion grade, it has low 
viscosity and provides high 
resistance to environmental 
humidity. 

Nomenclature 

L Unreinforced nylon 12 
grade 

16 Low viscosity 

Use Grilamid L16 for 

For blown and cast film for 
direct contact with non 
alcoholic foodstuff. 



Applications 

• Rigid beverage tubes 

• Food packaging 

• Sausage skins 

• Boiling bags 

• freezer bags 

• Plates 

• Pipes 

• Rods 

and many more ... 
Availability 

Ail grades are supplied pre- 
dried, packaged in moisture- 
proof, foil-lined bags 
containing 25kg (55.1 lbs). 
Other packaging can be 
made available 



Listings 

* FDA R eg ulations CFR21 
para gra ph 177.1500 (Direct 
contact , natural onl y) 

Disclaimer 

No liability is assumed and 
no representations or 
warranties, either express or 
implied, are made with 
respect to the information or 
the product to which the 
information refers. 



Downlo ad the Te c hnical Data Sheet of Grilamid L16 

Downlo ad the Material Safet y Data Sheet of Grilamid L16 Natural 



A back I 



http://www.us.emschemxom/ep/products/grilamid/grilam 
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Grilamid (nylon 12) provides the lowest moisture 
absorption of any commercially available nylon, thus 
providing dimensional stability with mechanical properties 
virtually unaffected by environmental humidity. 

Grilamid L16 A 



Grilamid 
Cms 



Grilamid L16 A is a low 
viscosity extrusion grade, 
hydrolysis stabilized. 

Nomenclature 

L Unreinforced nylon 1 2 
grade 

16 Low viscosity 

A Hydrolysis stabilized 

Use Grilamid L16 A for 

Tubing and cable 
sheathings requiring 
hydrolysis resistance. 



Applications 

• Tubing and cable 
sheathings 

• Profiles 

and many more ... 
Availability 

All grades are supplied pre- 
dried, packaged in moisture- 
proof, foil-lined bags 
containing 25kg (55.1 lbs). 
Other packaging can be 
made available 



Disclaimer 

No liability is assumed and 
no representations or 
warranties, either express or 
implied, are made with 
respect to the information or 
the product to which the 
information refers. 



Download the Technical Data Sheet of Grilamid L16 A (will be available soon) 
Dow nload t he Material Sa fety Data S hee t of Grilamid L16 A ( Natural) 



A back | 



http://www.us.emschem.com/ep/products/grilamid/grilamid_l 1 6a.html 
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Technisches Merkblatt 



Grilamid L16 LM 



Produktbeschreibung 

Grilamid L16 LM ist ein tiefviskoser Extru- 
sionstyp auf Basis von Polyamid 12 (PA12). 

Grilamid L16 LM ist UV- und hitzestabiiisiert. 

Die Modifikation mit einem Kristallisations- 
beschleuniger bewirkt eine geringe Nachkri- 
stallisation und eine geringe Nachschwin- 
dung. 



Die Hauptvorzuge von Grilamid L16 LM sind: 

• UV- und hitzebestandig 

• Hohe Abrasionsfestigkeit 

• Siehr gute Chemikalienbestandigkeit 

• Sehr gute Olbestandigkeit 

• Hohe Oberfiachengute 

• Gute Dimensionsstabilitat 

• Hohe Prozessgeschwindigkeit 

• Niedrige Dichte, geringes Gewicht 

Anwendungsbeispiele 

Grilamid L16 LM eignet sich besonders fur 
diinnwandige, mit hoher Geschwindigkeit 
extrudierte Kabel-Aussenummantelungen, 
die Sekundarisolation von Lichtwellenleitern 
und Kupferdraht-lsolationen im Elektro-/ 
Elektronikbereich. 



Grilamid 
Cms 



EIGENSCHAFTEN 
Mechanische Eigenschaft n 







Norm 


Einheit 


Status 


Grilamid L 16 LM 


Zug-E-Modul 


1 mm/min 


ISO 527 


MPa 


kond. 


1100 


Streckspannung 


50 mm/min 


ISO 527 


MPa 


kond. 


45 


Streckdehnung 


50 mm/min 


ISO 527 


% 


kond. 


15 


Bruchspannung 


50 mm/min 


ISO 527 


MPa 


kond. 


50 


Bruchdehnung 


50 mm/min 


ISO 527 


% 


kond. 


> 50 


Schlagzahigkeit 


Charpy, 23°C 


ISO 1 79/2-1 eU 


kJ/m 2 


kond. 


ohne Bruch 


Schlagzahigkeit 


Charpy, -30°C 


ISO 1 79/2-1 eU 


kJ/m 2 


kond. 


ohne Bruch 


Kerbschlagzahigkeit 


Charpy, 23°C 


ISO 1 79/2-1 eA 


kJ/m 2 


kond. 


7 


Kerbschlagzahigkeit 


Charpy, -30°C 


ISO 1 79/2-1 eA 


kJ/m a 


kond. 


6 


Shoreharte D 




ISO 868 




kond. 


70 


Thermische Eigenschaften 


Schmelztemperatur 


DSC 


ISO 11357 


°C 


trocken 


178 


Formbestandigkeit HDT/A 


1.80 MPa 


ISO 75 


°C 


trocken 


50 


Formbestandigkeit HDT/B 


0.45 MPa 


ISO 75 


°C 


trocken 


125 


Therm. Langenausdehnung langs 


23-55°C 


ISO 11359 


10^/K 


trocken 


1.2 


Therm. Langenausdehnung quer 


23-55°C 


ISO 11359 


10^/K 


trocken 


1.4 


Maximale Gebrauchstemperatur 


dauernd 


ISO 2578 


°C 


trocken 


90-110 


Maximale Gebrauchstemperatur 


kurzzeitig 


ISO 2578 


°C 


trocken 


150 


Elektrische Eigenschaften 


Durchschlagfestigkeit 




IEC 60243-1 


kV/mm 


kond. 


32 


Vergleichende Kriechwegbildung 


CTI 


IEC 60112 




kond. 


600 


Spez. Durchgangswiderstand 




IEC 60093 


Q • m 


kond. 


10" 


Spez. Oberflachenwiderstand 




IEC 60093 


CI 


kond. 


10 12 


Ailgemeine Eigenschaften 


Dichte 




ISO 1183 


g/cm 3 


trocken 


1.01 


Brennbarkeit (UL94) 


0.8 mm 


ISO 1210 


Stufe 




HB 


Wasseraufnahme 


23°C/gesatt. 


ISO 62 


% 




1.5 


Feuchtigkeitsaufnahme 


23°C/50% r.F. 


ISO 62 


% 




0.7 


Linearer Spritzschwund 


tangs 


ISO 294 


% 


trocken 


0.80 


Linearer Spritzschwund 


quer 


ISO 294 


% 


trocken 


0.85 




Produkt-Bezeichnung nach ISO 1874: PA12, EHLS. 14- 010N 
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Verarbeitungshinweise fur die Extrusionsverarbeitung von Grilamid L 16 LM 



Das vorliegende technische Merkblatt fur Grilamid 
L 16 LM gibt Ihnen nutzliche Hinweise fur die Mate- 
rialvorbereitung, die Maschinenanforderungen, den 
Werkzeugbau sowie die Verarbeitung. 



MATERIALVORBEREITUNG 

Grilamid L 16 LM wird verarbeitungsfertig getrock- 
net geliefert. Die Sacke sind luftdicht verschweisst. 
Eine Vortrocknung ist daher nicht erforderlich. 

Lagerung 

Verschweissste, unbeschadigte Sacke konnen, 
witterungsgeschutzt, uber Jahre gelagert werden. 
Als Lagerort empfiehlt sich ein trockener Raum, in 
dem die Sacke auch vor Beschadigung geschutzt 
sind. 

Handhabung und Sicherheit 

Detaillierte Informationen konnen dem .Material 
Sichemeits Datenblatt" (MSDS) entnommen wer- 
den, welches mit der Materialbestellung angefordert 
werden kann. 

Trocknung 

Grilamid L 16 LM wird bei der Herstellung auf ei- 
nem Wassergehalt von < 0.10 % getrocknet und 
luftdicht verpackt. Sollte die Verpackung beschadigt 
oder das Material zu lange offen gelagert worden 
sein, so muss das Granulat getrocknet werden. Ein 
zu hoher Wassergehalt reduziert die optischen und 
mechanischen Eigenschaften des Extrusionsarti- 
kels. 

Die Trocknung kann erfolgen im: 

P Trockenlufttrockner ( 

Temperatur: max. 80°C 
Zeit: 6-16Stunden 
Taupunkt der Trockenluft: -25°C 



p Vakuumofen 

Temperatur: max. 100°C 
Zeit: 4-12Stunden 



Trocknungstemperatur 

Einen Hinweis auf eine oxidative Schadigung von 
Polyamiden gibt bei hellen Farben eine sichtbare 
Vergilbung. Im Trockenlufttrockner sollte die maxi- 
male Temperatur (80°C) nicht uberschritten wer- 
den. Im Vakuumofen, bei geringerem Sauerstoff- 
partialdruck, ist eine hohere Temperatur (100°C) 
moglich. Urn eine Vergilbung bei hellen Farben zu 
erkennen, ist es sinnvoll, eine kleine Granulatmen- 
ge als Vergleichsmuster zuruckzuhalten. 



Bei langeren Verweilzeiten im Maschinentrichter 
(iiber 1 Stunde) ist eine Trichterbeheizung oder ein 
Trichtertrockner (80°C) sinnvoll. 



MASCHINENANFORDERUNGEN 

Grilamid L 16 LM lasst sich auf alien fur Polyamid 
geeigneten Maschinen verarbeiten. 

Schnecke 

Verschleissgeschutzte Universalschnecken sind zu 
empfehlen (3 Zonen). 

- Schnecke 

Lange: 24 D - 25 D 

Kompressionsverhaltnis: 2.8:1 - 3.5:1 



Genutete Einzugsbuchsen 

Fur das Extrudieren von Grilamid L 16 LM emp- 
fehlen wir glatte Einzugsbuchsen. Zur Erzielung 
hdherer spezifischer Ausstossleistungen kann die 
Einzugszone auf eine Lange von ca. 2 D nach der 
Einfulloffnung leicht genutet werden (Nutentiefe 
max. 0.5 mm). Es wird empfohlen die Trichterzone 
auf konstante 60 - 90°C zu temperieren. 



VERARBEITUNG — 
Grundeinstellungen 

Als Grundeinstellung fur die Verarbeitung von Gri- 
lamid L 16 LM hat sich folgendes Profil bewahrt: 



r Temperaturen 



Trichterzone 


60 


-90°C 


Einzugszone 


160 


-170°C 


Kompressionszone 


190- 


200°C 


Meteringzone 


200- 


220°C 


Flansch 


200- 


220°C 


Werkzeug 


200- 


220°C 


Duse 


200- 


220°C 


Masse 


200- 


220°C 


Kuhlbadtemperatur 


15 


-40°C 
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KUNDENDIENSTLEISTUNGEN 



EMS-GRIVORY ist Spezialist in der Polyamidsyn- 
these und Polyamidverarbeitung. Unsere Dienstlei- 
stungen umfassen nicht nur die Herstellung und 
Lieferung von technischen Thermoplasten, wir bie- 
ten vielmehr auch eine vollstandige technische 
Unterstutzung an: 

• Rheologische Formteilauslegung / FEM 

• Materialauswahl 

• Verarbeitungsunterstutzung 

• Formteil- und Werkzeugdesign 

Detaillierte Informationen zur Extrusion von EMS- 
Polyamiden finden Sie in unserem technischen 
Merkblatt .Rohrextrusion". 

Wir beraten Sie gerne. Nehmen Sie einfach Kontakt 
mit unseren Verkaufsburos auf. 



Die vorliegenden Daten und Empfehlungen entsprechen 
dem heutigen Stand unserer Erkenntnisse, eine Haftung 
in Bezug auf Anwendung und Verarbeitung kann jedoch 
nicht ubemommen werden. 

HAR/08.2001 
www.emsgnVory.com 
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